Abstract-The early receptor potential (ERP) of fly photoreceptors Rl-6 has been recorded in the blowfly Calliphora erythrocephala, and quantitatively analyzed. Photoconversion of the native visual pigment (P) into the meta-state (M) does not induce a measurable ERP. Photoconversion of M into P induces a biphasic ERP, presumably due to the slow thermal decay of intermediate N, recently discovered by Roebroek, Gag& and Stavenga (1989). The experimentally measured ERP's are interpreted with an RC-model which incorporates the time constant of the flash, the time constant of the thermal decay of intermediate N, the electrical properties of the photoreceptor cell and the charge displacements within the visual pigment molecules occurring upon photoconversion. The model satisfactorily describes the .ERP for the M to P conversion by assuming that effectively 0.03 electron charges are moved across the cell membrane during conversion of the M to the N state and that 0.04 electron charges are moved in the opposite direction during conversion of N to P. The net 0.01 electron charge movement during conversion of P to M would, according to the simple RC-model, induce a measurable ERP, in conflict with the experimental results. The longstanding enigma of the ERP of fly photoreceptors appears largely but not completely resolved.
INTRODUCTION
The early receptor potential (ERP) is a fast photovoltage that is recorded across the eye or the retina in response to an intense flash of light. It arises from charge displacements within the visual pigment molecules occurring upon photoconversion of the visual pigment (for reviews see: Cone & Pak, 1971; Rodieck, 1973; Fein & Szuts, 1982) . Both the light-induced conversions and the thermal transitions of the intermediates in the photochemical cycle of the visual pigment cause a charge displacement in the molecules, and thus each transition is in principle capable of generating a distinct phase in the accordingly complex waveform of the ERP (e.g. Cone & Cobb, 1969) . The charge displacements result in a change in transmembrane potential which spreads throughout the electrical circuit of photoreceptor cell and surrounding medium. This view was firmly established by the initial extracellular measurements of the ERP in both vertebrates and invertebrates (see Rodieck, 1973) and has been confirmed more recently by The specific advantage of invertebrates in studying the ERP is that their visual pigments do not bleach. Photoconversion of the native visual pigment P yields a thermostable metastate M, which can readily be photoconverted back into the native state. Intracellular recordings from photoreceptors in the squid, the barnacle, the scallop as well as in the horseshoe crab Limulus, show that conversion of P to M results in a monophasic hyperpolarization, whereas the M to P transition causes a monophasic depolarization (Hagins & McGaughy, 1967; Hillman, Hochstein & Minke, 1972; Cornwall & Gorman, 1983; Lisman, 1985) .
Flies are the only insect order where an ERP has been reported so far. It is of historical interest to note that the fly ERP was discovered as a component of the electroretinogram in Drosophila (Pak & Lidington, 1974) . It should be known that the visual pigment (P) of fly photoreceptor cells R1-6, xanthopsin (Vogt, 1983) , after light absorption reaches a state B within 40 nsec. B thermally decays with a time constant of 700 nsec to L, which finally converts
